ABSTRACT The objective of this experiment was to evaluate the effects of raising broilers under sex separate and straight-run conditions for 2 broiler strains. Day-old Ross 308 and Ross 708 chicks (n = 1,344) were separated by sex and placed in 48 pens according to the rearing type: sex separate (28 males or 28 females) or straight-run (14 males + 14 females). There were 3 dietary phases: starter (zero to 17 d), grower (17 to 32 d), and finisher (32 to 48 d). Birds' individual BW and feed intakes were measured at 12, 17, 25, 32, 42, and 48 d to evaluate performance. At 33, 43, and 49 d, 4 birds per pen were sampled for carcass yield evaluation. Additionally, from 06:00 to 06:30, 13:00 to 13:30, and 22:00 to 22:30, video records were taken to assess behavior at 45 days. Data were analyzed as CRD with a 2 × 3 factorial arrangement of treatments over time. Throughout the experiment Ross 308 were heavier than the 708, and after 17 d, male pens had the heavier birds, followed by straight-run and then females. Straight-run pens had higher BW CV in comparison with sex separate pens. Sex separate male BW was negatively impacted from 17 to 32 days. On the other hand, females raised sex separate were heavier than females raised straight-run with lower CV from 25 to 41 days. Post 25 d, FCR was the lowest in male pens whereas feed intake was the highest for these pens after 17 days. Overall, males had total carcass cut-up weights higher than straight-run and females at the 3 processing times. The Ross 708 had higher white meat yields, whereas 308 had higher yields for dark meat. Feeding behavior results were not consistent over time. However, from 13:00 to 13:30, birds in female pens spent more time eating, followed by straight-run and then males. In conclusion, raising females in a straightrun system negatively impacted performance and CV, whereas males benefited from straight-run rearing, with the differences being possibly related to feeder space competition.
INTRODUCTION
The economic benefits of raising broilers sex separate or combined has been a paradigm for poultry production over the years; however, most of the research conducted in this regard was done 50 yr ago. The advantages of raising chickens sex separate can be a result of better growth rates, better feed efficiency due to a more efficient design of the diets to allocate each gender's need, and the reduced variability in the final product, which facilitates bird processing.
Sexual dimorphism of broilers has been shown to start as early as the embryonic phase in respect to weight and muscle development (Burke and Sharp, 1989; Henry and Burke, 1998) . Throughout the birds' life cycles, differences in growth rate, feed intake, and feed efficiency also are observed between males and C 2017 Poultry Science Association Inc. Received September 15, 2016. Accepted January 18, 2017. 1 Corresponding author: manuel.g.costa@hotmail.com females (Gous et al., 1999; May and Lott, 2001) . Despite these differences and possible opportunities to explore different growth rates and nutritional requirements, there has been very little research done on the effects of raising broilers together or sex separate, as well as potential ways to fine-tune nutrition and management for each gender. In addition, most of the data present in the literature regarding effects of management on bird growth rate are conducted at specific d, not evaluating the effects over time. In nutritional studies, it is common for the usage of various mathematical models to fit data sets; therefore, the same approach could be used when doing studies regarding management effects over time (Robbins et al., 1979; Rogers et al., 1986; Aggrey, 2002; Robbins et al., 2006; Vedenov and Pesti, 2008; Aggrey, 2009) .
The reports present in the literature, regarding performance of flocks raised straight-run and sex separate, are generally contradictory and were done using much less selected chicken breeds. In terms of performance, some authors concluded that sex separation of the chicks did not show any benefits (Smith et al., 1954; Hess et al., 1960; Lang et al., 1960; Lamoreux and Proudfoot, 1969) . On the contrary, there are some reports that clearly show benefits in terms of performance and bird uniformity at processing age by sex separation of the chicks (Becker and Berg, 1959; Deaton et al., 1973; Gehle et al., 1974; Laseinde and Oluyemi, 1994; de Albuquerque et al., 2006; Api, 2014) . Regardless of the performance results, the effects on CV are very consistent across the reports, where overall CV are higher in straight-run flocks when comparing with sex separate (Becker and Berg, 1959; Hess et al., 1960; Lamoreux and Proudfoot, 1969; Deaton et al., 1973) .
Considering the contradicting data and the lack of information in the literature regarding the effects of rearing broilers sex separate or straight-run using modern broiler strains, the objective of this experiment was to evaluate the impact of each rearing system on the growth performance, processing yields, and bird uniformity of 2 modern genetic lines using several models to determine which best described the data. In addition, bird feeding behavior was evaluated.
MATERIALS AND METHODS
There were 6 experimental treatments that consisted of a factorial combination of 2 genetic lines with 3 broiler rearing types.
Strain Treatments
Two genetic lines were evaluated in the present experiment. One-day-old chicks of Ross male × 308 Ross female and Ross male × 708 Ross female strains were sexed in order to obtain 336 chicks per sex and strain, with a total of 1,344 chicks used. Eggs were selected from breeder flocks with husbandry conditions (feed, vaccination, etc.) and egg sizes as similar as possible. Eggs were incubated and chicks processed in the same hatchery.
Sex Separate vs. Straight-run Treatments
Chicks were allocated and raised in pens according to one of the 3 following treatments: male, female, or straight-run. At placing for the male and female treatments, 28 chicks of the respective sex treatments were randomly selected, weighed individually, and identified with a neck tag; for the straight-run treatment, 14 males and 14 females were randomly chosen and tagged. From this point forward, these treatments will be called rearing systems.
Birds and Husbandry
All practices regarding animal management were approved by the Institutional Animal Care and Use Committee of the University of Georgia. The experiment was performed in a windowless room with 48 pens that were 1.22 × 1.52 m in dimension. Each pen had one hanging tubular feeder with 170 cm of feeder space (6 cm / bird) and 10 nipple drinkers, and the floor was covered with 0.05 m of used pine shavings as litter. For the first 3 d of brooding, one cardboard tray with feed was placed in each pen to ease the access to the feed for the chickens. The diets fed in the present experiment were provided by a local integrator, being corn-soybean meal-based with 3 dietary phases: starter -zero to 17 d, grower -17 to 32 d, and finisher -32 to 48 days. The starter diets were fed as crumbles, and the grower and finisher diets were fed as pellets. Both water and feed were consumed ad libitum. Temperature, ventilation, and lighting programs were checked twice a d and followed commercial practices. Chicks were housed at 34
• C and the temperature was gradually reduced by 3
• C every wk, until the temperature reached 20
• C. Lighting was from 27 Paragon EC40005 incandescent lights providing 24 h of light at 30 lux at the floor level for the first 7 d, 16 h of light at 3.5 lux with 8 h of dark from 7 to 28 d of age, and 20 h of light at 3.5 lux with 6 h of dark from 28 d until the end of the trial.
Performance Data
Chickens were weighed individually at hatch, 12, 17, 25, 32, 42, and 48 days. Afterwards, BW CV were calculated for bird variability per pen, per treatment evaluation. Feed also was weighed at the same time points. Group feed intake, individual BW gain, and adjusted FCR (adjFCR) for mortality and sampling were calculated for each age for performance analysis.
Processing Data
At 33, 43, and 49 d the 4 birds that had the lowest numbered neck tags were selected for processing. In the straight-run pens, 2 birds of each sex were selected also based on the lowest neck tag number. Birds were withdrawn from feed for 8 h overnight. Birds were individually weighed before processing, immediately following evisceration (pre-chill/hot carcass weight), and after chilling (cold carcass weight). Paws were taken and weighed prior to hot carcass weighing. Carcasses were chilled in water and ice at 1
• C for 240 minutes. Subsequently, carcasses were deboned and then the pectoralis major, pectoralis minor, wings, and legs were weighed for carcass yield.
Behavior Data
Behavioral data were collected using a security system that consisted of 8 cameras (Night Owl R TL-168, Naples, FL). Video records were obtained from 06:00 to 06:30, 13:00 to 13:30, and 22:00 to 22:30 at 45 d of age. Behavioral measurements consisted of time spent at the feeder and time spent eating, and also how birds accessed (free access vs. fight) and left the feeder (voluntary exit vs. pushed out).
Data Analysis
At first, all data were tested for homogeneity of variance using Levene's test and for normality using the Shapiro-Wilk test. Body weight, feed intake, adjFCR for mortality and sampling, BW CV, and carcass weights over time did not show homogeneity of variances and normality, and, therefore, data were transformed to the natural logarithm. In addition, percentage data were arcsine transformed for analysis. For these data, the true means are presented with the Pvalues coming from the analysis of the transformed data. There were 2 separate analyses of the data, both considering a completely randomized design with a factorial arrangement of the treatments over time. At first the factorial arrangement of the 3 rearing treatments, 2 strains, and age were considered; secondly, an analysis of gender within each rearing treatment, male and female reared sex separated vs. straight-run, was considered as the first factor, which was then crossed with strain and age factors. The data by rearing system and strain of all the response variables were fitted with age as the independent variable using the following 6 models:
Quadratic For all the equations, y represents the dependent/response variable, and for the quadratic model the β1 and β2 are the parameters associated with linear and quadratic effects, respectively. After fitting the data with all the previous models, the models were ranked using the Akaike information criterion, and the model with the lowest value was chosen as the one that best described the data.
The data for the length of time eating and time spent at the feeder were transformed to the natural logarithm to attain normality, and were analyzed by hour. Similar to the data described previously, these data were analyzed as a completely randomized design with the factorial arrangement of the treatments but the birds were considered the experimental unit and nested within the pen. Meal frequency was analyzed by the same design using an ordinal logistic model (chi-square test). All the previous data were analyzed and modeled using JMP Pro 11 (SAS Inst. Inc., Cary, NC) software. The behavioral data for the access and exit from the feeder was analyzed using Proc GLIMMIX of SAS 9.4 (SAS Institute Inc., Cary, NC), considering a binomial distribution of data and using logit as a link function. Birds were considered the experimental unit and nested within the pen (random factor), with the fixed effects of strain and rearing system arranged in a factorial fashion and h as a random block effect.
RESULTS

Performance
At hatch, no differences (P > 0.05) in BW and BW CV were observed between genders (Table 1) . Ross 308 birds were 1.1 g heavier on average (P < 0.001) than Ross 708 at the time of placing. Throughout the experimental period the Ross 308 birds were always heavier than the Ross 708 (main effect: P < 0.001). The interaction of strain by gender (P = 0.001) on BW indicates that the strains will benefit differently in the 3 rearing systems. Nevertheless, the main effect of gender (P < 0.001) demonstrated that overall, males were heavier, followed by the straight-run birds and then females. There was also a significant interaction of rearing system with age (P < 0.001). It was observed that the difference in BW by rearing system was present around 17 d for the Ross 308 and 25 d for the Ross 708 (Table 1 and Figures 1 and 2 ). The model that was shown to fit BW data the best was the Gompertz function (Table 5 ). For the Ross 308 (Figure 1 ) birds, females had the higher growth rate/maturity coefficient (0.0484), followed by the straight-run birds (0.0471) and then the males (0.0457). The growth rate/maturity parameter represents the rate of exponential decay of the initial growth rate, or the rate of decline in the growth rate (Tzeng and Becker, 1981) . Consequently, the females presented an inflection point early in life (34.2 d), followed by straight-run birds (35.400) and then males (37.228). Similarly, the Ross 708 (Figure 2 ) females had the highest growth rate coefficient (0.0476). However, for this strain the males had the intermediate growth rate coefficient (0.0472) followed by the straight-runs (0.0461). Females reached the maximal absolute growth rate at 34.5 d, males at 36.4 d, and straight-runs at 36.3 days. For the BW CV there was an interaction (P < 0.001) between rearing system and age, where it was observed that for sex separate birds (both male and female) the BW CV decreased as birds aged, and for the straightrun birds the BW CV increased with age (Table 1) . The model shown to fit the best BW CV data was the Michaelis and Menten function (Table 5) . Overall as birds aged, the CV of males and females decreased whereas the CV of straight-run birds increased ( Figures  3 and 4) . The lower maximum reaction rate observed in females indicated that females tended to be more uniform than males.
Evaluating BW of each sex within each rearing system (Tables 2 and 3) , male birds were shown to grow faster (P < 0.001) when raised under the straightrun system, while females were negatively impacted (P < 0.001) when raised straight-run. The Gompertz equation coefficients (Table 6 ) for birds of same sex reared, sex separated, or straight-run revealed that for the Ross 308, straight-run males had a higher growth rate coefficient (0.0473 vs. 0.0457) with a respective maximal absolute growth happening earlier in life (35.9 vs. 37.2 d). Conversely, for the female birds, sex separated rearing resulted in a higher growth rate coefficient (0.0465 vs. 0.0484) with an inflection point occurring earlier in life (34.2 vs. 35.1 d) than straight-run females. Conversely, the Ross 308 sex separated rearing resulted in higher growth and lower inflection points for both males and females than the Ross 708. Sex separated males were found to have a coefficient of growth rate of 0.0470 and an inflection point of 36.4 d, whereas straight-run had values of 0.0458 and 37.0 d, respectively. Similarly, sex separated females had higher values for growth rate (0.0476) and lower maximal absolute growth age at 34.5 d, with straight-run females having values of 0.0459 and 35.742 d, respectively. The Gompertz growth curves (Figures 5 and 6) indicated that differences in BW between birds raised sex separate or straight-run were more evident and pronounced for females than males. It was clear that females raised straight-run were significantly lighter than the sex separated females.
No differences (P > 0.05) in BW CV were observed between males raised straight-run and sex separate. On the other hand, females raised under a straightrun system had higher (P = 0.057) BW CV when compared with sex separate females. For both strains, the Michaelis and Menten function was shown to fit the data best, with the sex separated females having lower maximum reaction rates, revealing that this rearing system resulted in more uniform birds than straight-run (Figures 7 and 8 ). For feed intake and adjFCR (Table 4) , Ross 308 broilers showed higher values (P < 0.001) for both parameters. There was a difference among rearing systems on feed intake, in which birds raised in the male pens had a higher intake, followed by the straight-run, and then the females. An interaction between rearing system (P < 0.001) and age was apparent for adjFCR.
Overall, adjFCR differences tended to be more evident with age with males presenting the lowest ad-FCR, followed by the straight-run birds and then females. There was also a significant interaction (P = 0.023) between strain and age, where Ross 308 had the best adjFCR early in life but performed poorly later on when compared with Ross 708 birds. For both feed intake and adjFCR data, the mechanistic growth models were shown to fit the data best (Table 5 and Figures 9-12).
Processing
As birds aged, pectoralis major and minor cut-up weights and yields increased (Tables 7-9). A main effect (P < 0.001) of rearing system was observed on pectoralis major and minor weights in which males had heavier breast muscles, with straight-run birds with intermediate weights, and females with lower weights. Regarding the yields, there was a significant interaction (P = 0.027) of rearing system and strain on pectoralis major percentage. For the Ross 308 broilers, the straight-run rearing system resulted in higher Source of variation pectoralis major yields in comparison with the males and females at the 3 processing ages. Contrarily, at 49 d of age, the Ross 708 straight-run birds showed lower pectoralis major percentage than the males and females raised sex separate. There was also an interaction (P < 0.001) of strain and age. Overall, males had the lower yields, whereas straight-run birds had the higher yields at 33 and 49 d and females at 43 days. Strain of the birds also resulted in differences (P < 0.001) in breast meat weight and yields. Ross 708 birds had heavier and higher percentages of breast muscle than the Ross 308 birds. Contrary to breast meat yield, wing and leg percentages decreased (P < 0.001) as birds aged. For wing, leg (Table 8) , and paw weights, there was as significant interaction of rearing system and age. Males had the heaviest cut-ups, followed by the straight-runs and females, with the differences among the groups being more pronounced as birds aged. There was an interaction (P = 0.035) of strain and age on wing yield, where Ross 308 had higher percentages than the Ross 708 with the differences becoming more accentuated as birds aged. The CV of the cut-up weights (Table 9) of pectoralis major, wings, and legs were significantly Table 4 . Effect of broiler strain and rearing system throughout a 48-day time period on feed intake and adjusted feed conversion ratio (adjFCR). affected by the rearing system (main effect). The straight-run cut-up CV weights were overall higher than the sex separate birds. Females were shown to have more uniform weight CV cut-ups, followed by the males and then the straight-run birds. A 3-way interaction (P = 0.024) was observed on pectoralis minor CV weights. For the Ross 308 birds, at the first 2 processing ages, the straight-run birds had higher CV, whereas at 49 d males were the rearing system with higher CV. For the Ross 708 birds, males had higher CV at the first 2 processing ages followed by straight-run birds; females had lowest CV at 33 and 43 days; however, at 49 d this rearing system resulted in the highest CV. Age had a significant but distinct effect on pectoralis major and wing CV. Pectoralis major was shown to become more uniform with age, while wings tended to increase in variability as birds aged. No effect (P < 0.05) of strain was observed on the cut-up CV weights. When comparing the cut-up weights of each gender within the rearing systems (Tables 10 and 11) for both males and females, there was a main effect of strain in which the Ross 708 had heavier breast meat (pectoralis major and minor), but had lower weights of wings, legs, and paws than the Ross 308 birds. For both males and females, there were no significant differences observed for the cut-up weights between sex separated and straight-run birds.
Behavior
For the three time periods within a d (45 d of age), there was a significant interaction (P < 0.001) between strain and gender on the number of times that the birds visited the feeder from 06:00 to 06:30 (Table 12) . At this time of the day, when the lights came on, birds in male Ross 308 pens did not go to the feeders (n = 6) as much as birds in female (n = 25) and straight-run (n = 28) pens. Conversely, birds in straight-run pens had the lowest number of visits to the feeder (n = 5) when compared with the female (n = 16), and male (n = 21) pens for the Ross 708 strain. In addition, from 13:00 to 13:30 there was a significant main effect (P = 0.05) of gender on time spent at the feeder and eating. Birds raised in female pens spent more time at the feeder (total = 249 s; eating = 234 s) than the birds in male pens (total = 113 s; eating = 96 s). The birds in straight-run pens spent on average 167 s at the feeder with the 165 s spent eating. There were no statistical differences (P > 0.05) between the treatments for the percent of aggressive behavior at the time of entering and leaving the feeder (Table 13 ).
DISCUSSION
None, or little, research has been published in which growth rate of birds raised sex separated or straight-run is compared over time. Indeed, most of the studies performed previously tended to evaluate and Table 5 . Estimated parameters for body weight (BW), feed intake (FI), feed conversion ratio (FCR), and body weight coefficient of variation (CV) predictive models of female, male, and straight-run birds, Ross 308 and Ross 708. estimate growth curves for birds raised sex separate. Not surprisingly, in the data presented here, males were heavier followed by straight-run birds and then females, which is consistent with most of the data present in the literature (Smith et al., 1954; Hess et al., 1960; Brake et al., 1993; Gous et al., 1999; May and Lott, 2001; Aggrey, 2002; de Albuquerque et al., 2006; Aggrey, 2009; Shim et al., 2012; Api, 2014; Zuidhof et al., 2014) . The growth curve analysis revealed a higher maturity rate and an earlier in life inflection point for the females in comparison with males. These results were consistent with the findings reported by Scheuermann et al. (2003) and Gous et al. (1999) , in which females had a higher rate of maturity and an inflection point 2 d earlier on average than the males. In addition, male BW was predicted to plateau at heavier weights, which was consistent with the literature (Gous et al., 1999; Scheuermann et al., 2003) . Care should be taken when looking to the plateau weights in the data present herein, since the plateau weight and age at which it occurs were out of the data range evaluated in the experiment, and an extrapolation of data might result in inaccurate estimation of values.
The interaction of genetic strains and rearing system on growth observed in the present experiment has been described previously in the literature (Hess et al., 1960; Lamoreux and Proudfoot, 1969; Api, 2014) . Overall for both strains, males grew heavier and faster than straight-run and females. However, the magnitude of BW difference among birds raised in male, straightrun, and female pens was different between strains (Figures 5 and 6 ). Ross 308 birds had bigger differences in BW among rearing systems throughout the experiment, having these differences become noticeable earlier in life than the Ross 708 birds. Similarly, Hess et al. (1960) reported that effects of raising birds sex separate or straight-run on BW were dependent on genetic strain of the birds. On the contrary, Lamoreux and Proudfoot (1969) did not observe any interaction of genetics and rearing system on BW, showing that the rearing system equally affected the genotypes evaluated (3 genetic strains). Furthermore, no significant differences were observed by these authors on FCR when they averaged pens of males and females reared sex separate with pens reared straight-run. In a field survey using 141 flocks, Api (2014) observed the effects of raising birds of 3 genetic lines (Cobb, Ross, and Hubbard) under sex separate and straightrun regimes. No interactions of the genetic line and rearing system was observed on BW; however, the interaction of treatments was observed to be significant when FCR was the criteria evaluated, which is the complete opposite of the outcomes of the current experiment. In Api (2014)'s survey, neither information regarding the number of farms for each treatment combination nor treatment distribution of treatments by farm complexes was provided; consequently, some results might be confounded, which might explain the differences in results. In our study, birds were processed at the same age, whereas in industry, birds were harvested at similar weights, making meaningful comparisons difficult without some adjustment for age. Also, the much greater variation among commercial flocks may obscure small but very important differences. The effects on adjFCR were consistent across the two genetic strains in which males had the lowest values, followed by straight-run birds and females (Table 4) . Gehle et al. (1974), and de Albuquerque et al. (2006) reported similar results of sex separate and straight-run rearing on FCR of birds raised up to 56 d (FCR: male = 2.00 g:g; straight-run = 2.03 g:g; and female = 2.08 g:g) and 45 d (FCR: male = 1.74 g:g; straight-run = 1.80 g:g; and female = 1.81 g:g), respectively.
When the BW of each gender was evaluated within each rearing type (sex separate vs. straight-run), it was interesting to observe that females were positively affected whereas males were negatively affected by sex separation. The growth curve parameters for the Ross 308 broilers showed that straight-run males had a higher growth rate coefficient and an earlier inflection Hess et al. (1960) showed that at 9 wk intermingled broilers were lighter than sex separate regardless of the gender (1,564 g vs. 1,624 g for males, and 1,284 g vs. 1,302 g for females). Effects on BW CV were consistent among strains, for which female and male pens were more uniform and straight-run birds more variable. These outcomes are unanimous in the literature (Hess et al., 1960; Lang et al., 1960; Gehle et al., 1974) , and were expected since in the straight-run pens both genders were present creating per se an increased variability inherent to a different growth potential between genders as shown in the growth curve parameter results. The results of carcass cut-ups on the processing side were consistent with the live production results. Again, and as suggested by Gehle et al. (1974) , it was shown herein that one of the main advantages of rearing birds sex separate was the reduction on CV weights of the final carcass products. Lower CV allow an easier calibration of the machinery at the processing plant for a narrower weight range. This can potentially result in lower amounts of carcass downgrades and better product allocation based on weight (Gehle et al., 1974) . Females in the straightrun pens were nearly always more variable than ones raised in female only pens. The odds of this effect are about one in 19 vs. one in 20 -what would normally not be considered due to chance alone. If real, the effect of rearing system on female BW CV is less than ≈1%, and even smaller for males.
The behavior data did not show any consistent effects on feeding behavior. The differences on feeder visit frequency and time spent at the feeder observed from 06:00 to 06:30 and 13:00 to 13:30, respectively, suggested that there were differences in feeding behavior among rearing systems. It should be considered that the measurements right when the lights come on (06:00 to 06:30) and right before the lights go off (22:00 to 22:30) might have been influenced by an exacerbated urge of birds getting feed. Therefore, this might explain why the meal length time was significant only in the 13:00 to 13:30 period. That being said, it would have been interesting to evaluate the behavior throughout several d of the flock, to track the feeding behavior of males and females within straight-run pens and compare with sex separate birds. When establishing social hierarchy, chickens present agonistic behaviors such as as fighting, pecking, and threatening, and submissive responses such as as crouching, escaping, and avoiding contact (Guhl, 1968) . As a flock ages, social order is established gradually among the birds. In an experiment conducted with White Leghorns, Guhl (1958) reported that from the second to the sixth wk of age, males expressed a higher percentage of aggressive behavior towards other chicks than females, the aggressiveness being more pronounced toward other males. Furthermore, males established social organization sooner (8 wk) than females (9.5 wk), with the authors reporting that females were under social stress with little opportunity to feed in comparison with the males. This might help explain the results observed for the differences in BW of both males and females reared straight-run and sex separate in the present experiment. When the females were reared straight-run, it is plausible that the competition for feeder space was higher. This could have resulted in lower feed intake, and, consequently, resulted in straight-run females being lighter than sex separate females, which is something that was observed in the data presented herein (Figures 5 and 6 ). In addition, straight-run females also showed higher BW CV than sex separate females, which might be a result of increased social stress exposure (P = 0.057). Conversely, males reared under a sex separate regime can easily exclude smaller birds (as females) from the feeders, allowing them to increase feed intake and grow faster. However, with male only birds, the competition for feeder space will be higher and growth rate slower in comparison with straight-run males. The bird number per pen planned for the present experiment was based on a projection of 38 kg/m 2 (approximately 0.07 m 2 /bird) of live weight for males at 42 and 48 d (Estevez, 2007) with a feeder space above the genetic line recommendations (70 birds per a 38.5 cm diameter feeder). Therefore, female and straight-run pens ended with lower density since females grew less than males. There is evidence in the literature that benefits of raising broilers sex separate might be dependent on bird stocking density (Deaton et al., 1973) . In one experiment, the interaction of stocking density and rearing system was evaluated and the results showed that males raised in a high density (0.073 m 2 /bird mixed-sex vs. 0.079 m 2 /bird sex separate) and sex separate were heavier than those mixed (1,633 g vs. 1,609 g). However, if males were raised at a lower density (0.051 m 2 /bird mixed-sex vs. 0.055 m 2 /bird sex separate), the results were the opposite, where the sex separate males were lighter than the straight-run (1,566 g vs. 1,590 g). With the females, regardless of stocking density (0.073 m 2 /bird mixed-sex vs. 0.067 m 2 /bird sex separate; 0.051 m 2 /bird mixedsex vs. 0.047 m 2 /bird sex separate) sex separate birds were always heavier. In the Deaton et al. (1973) experiment, the space in the pens per bird calculated for males and females differed, and the number of birds per feeder in each treatment did as well. Therefore, this might have confounded effects in the results. In addition, after 5 wk of age a protocol of heat stress was used, which might have impacted feed intake and affected the competition behavior for feed and performance outcomes related with the rearing system. In addition, Zuowei et al. (2011) observed that high bird density resulted in poorer BW and FCR regardless of the gender, and also that females needed more stocking space than males with similar BW per square meter. These 2 reports show that each gender might have a different optimum stocking density, and also that bird density might play a role in the advantages of raising the birds sex separate or straight-run.
In conclusion, sex separating birds resulted in heavier females but lighter males, with this effect being most likely related with feeder space competition. Still, sex separating birds resulted in an increased uniformity of bird BW and consequent cut-up weights. For further research and analysis, it would be interesting to evaluate the economic impact based on feed intake to body weight gain ratio of raising flocks sex separate vs. straight-run.
